It is now recognized that repetitive head impacts (RHI) in sport have the potential for long-term neurological impairments. In order to identify targets for intervention and/or pharmacological treatment, it is necessary to characterize the neurobiological mechanisms associated with RHI. This review aims to summarize animal and human studies that specifically address Blood Brain Barrier (BBB) dysfunction, abnormal neuro-metabolic and neuro-inflammatory processes as well as Tau aggregation associated with RHI in collision sports. Additionally, we examine the influence of physical activity and genetics on outcomes of RHI, discuss methodological considerations, and provide suggestions for future directions of this burgeoning area of research.
Introduction
In recent years, there has been an increasing public concern regarding the adverse effects of repeated head impacts (RHI) in collision sports on brain health. In addition to overt concussions, collision sport athletes (e.g. American football, soccer, hockey players and boxers) are frequently exposed to repeated sub-concussive head impacts. Sub-concussive impacts to the head have been defined as "cranial impacts that do not result in a known or diagnosed concussion on clinical grounds" (p 1236) (Bailes et al., 2013) . It is now widely recognized that both repetitive concussive (Mannix et al., 2014; Vynorius et al., 2016) and sub-concussive impacts (Lipton et al., 2013; Webbe and Ochs, 2003; Witol, 2003) are associated with functional impairments.
A comprehensive understanding of the underlying neurobiological mechanisms associated with repetitive concussive and sub-concussive head impacts is essential to identify points of intervention and potential drug targets. Accordingly, the purpose of this review is to summarize evidence regarding several putative neurobiological mechanisms underlying adverse effects of concussive and sub-concussive repetitive head impacts (RHI) in collision sports. Specifically, we will review the animal and human studies that examine neurobiological mechanisms that have been previously examined in head injuries, including Blood Brain Barrier (BBB) dysfunction, abnormal neuro-metabolic and neuroinflammatory processes as well as Tau aggregation (Choe, 2016).
Blood Brain Barrier in repetitive head impacts
The Blood Brain Barrier (BBB) refers to endothelial tight junctions and glial components that separate the brain tissue from the peripheral vasculature. Breakdown of the BBB following Traumatic Brain Injury (TBI) is biphasic. An immediate BBB disruption due mechanical damage of the endothelium may be followed by a chronical disruption caused by ongoing neurochemical processes such as inflammation. Sequela of BBB disruption include cerebral edema and consequent increased intracranial pressure as well as precipitation of the coagulation cascade which can impede cerebral blood flow to the local injured site (Chodobski et al., 2011) .
Animal studies
Few experimental animal studies have examined the effects of concussive RHI on BBB integrity. In their recent review of the pathophysiological mechanisms of RHI, Fehily and Fitzgerald (2017) illustrate that the current evidence of BBB disruption in rodent models of RHI is variable; two of six the studies they reviewed found evidence of BBB damage while the remainder identified no changes in BBB integrity. However, as described by the authors, divergent findings may be attributable to the time point at which rodent brains were analyzed after the final impact was delivered. Specifically, studies that sacrificed rodents more acutely showed no evidence of BBB damage (Fehily and Fitzgerald, 2017) .
